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(myymm ^ ^ 

A - :rov<.!h 

hoaraooa and araibody ffaayoara varam;:; > akaoad 
if!;- p;os?«r:;as for :hek Rvspaaiiv; aacepa?; sraikaaka is pjo- 
vidsid. Hi!; ;ri:::hii<I •iwrsipfhe-? Li dag a geoa aiicodaig a pvoJsin 
;>f ii-aorss; v v carboxy iaaaiinal aoa-aPt* of ska IN i 

t » . x ! j Nv 

taied to Kara a library of sm;aUirai;y raUaad kvAe-r. «ro!si;r; 
!h;>i ara Expressed in low ;ra;;»sky oa k;s sekaee of a phage;!?. - 
id oss, Biological kv aad aaiecaira; ^ sa;pioyek 50 
il< -« i «ove; Egaed:; ■jsefi;; as dfv.a caodalaaa;. Disclosed are 

growth hofraora-; va;;aai;.. 
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- Enriched pool 
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fteis^of?f8tetestQS'ispfsp^ * N Kleins havlf^g 

mm$ bind \ p sps rt Spedcafty, th s in 

for«ip polypspSdes mimicking ms Ur4m ssMty of nattily coring birring partners. §rs pf stored 




SskkSuos a » 

at natural SSprfos my not fsmper 
. MfiWy, plypep» Hp?>ds may net w t» svailabte for 
fer m®o& mnrnm^ ocesM^spiSseltelWiRg par&m 

mmtf to ^arsetee tss sirucass of Irs mstiifeg emMm m Ms saiieoaf oU*g design m«8so«s ear, be 
applied for ferfosr opgmiza&n ol esndidate mofeotes tempers Mm mettafc 

to m mmpt to overcome torn prafctems, Gaysen {fc^sen, MmJ8MJ&®&#® awl 
(Seysen el a/., j^n.. 23:70S-?1S |i9SS>> has proposed the use el poljpsp&te s^mtesls tepwtitf* 
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>s vsss and less- silasrsbfc. For example, imarsesoos & 

ad! Me senfee 5 ^raduws 

pmrni sSdedmin intefiarifeas si a §i«ma»!r» «INp'«* t 
fgeaiaad D) ir» ?:sx*b»?ty of the poJyasmte backbone el «* 





is, Pto ^in Srp ^gnag, Q*sndar and fox, eds„ AB. Uss, 

scmenis sppifcs&te to only m or a small number of mat* pwte&*. 

& m: im^vr [\m\\ and Parmiey and Smith, s§sg> 
d ftsn small pN^tagffiM& (10-50 amino a#a) can t* "displayed" 
b by acting short gene frapetis infe §an« lit of 8» M phags 
<*iu$m phage*). The sans i minor mtj»ft*t $n»m in shout § copies ««*» end si the virion) is importer* 
lor p^p assembly and for ms$m by afiactensm to the pi e-s Ecsf (see Rasehed sf at , IfeM 

§0: 4S142? nm> phase* nave been tfnm to he useful for dWi short mutated 

peptide sequence for icfentffying peptides that may wet tilt antes (Scott si at, &tat »* »330 ( 
• ss-. . land Cwina ef af„ profr ffeu. Acad. U.S.A S7; S3 1? 63? . 




m des (K$ 10 pM) frcmhfhe 3 -04 u« fuseotop* V. »nr ife pa i 5 

«nd*f^jwgtiite s^usr^ whM hssyety high affinity (Kg - 7m was «a panned from ths epitope mm. 
Later WO SftC«2 discloses a method ft» & 
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It is another objecl of this 'mansion Jo pfspas* candidate bindifa ss 
p&asenS ps<: nc^satssnaiiy stsSs, 

11 is answer ^ of Shis in^*«» psprs esndsMs «ng tytsM <m®m S***« 
* a pj^gg coat pretest ansla .Iwtwjtogoas poi>ps?to ««e the polypeptide is greater than 190 antoe adds in 
§ te#n and may & i» ten cm sixtrft and is cSspfeysd on a ptagen& psm * 

a j§ a forth* a$ect of ffe iwefiton provide a rtnsd tof ** 
stress « suS«en§y vsrsaSe preset er «ay ail pp^yl i 
preset tMsomwft 



na>d seised of b 



3i «) * 



espy of candidate profefos an me oub suttos of p*rad pvfcfe so fiat «ft*M 
afMy binding proisSr* s&o be scfcievwl 

These sod efcer obfecfe of &i§ tomtom ml m %ppm® tern considerate af tse inversion as a whole. 



These oojasfe have to acWsveo* by jaessdfcg a method fcr selecting mv^ 



craps ;:{a}C0B&U($ng&($i 

secoxJ gerse encoding at least a portion of a natural ox #m P*® n * 
25 genes are tefcrofcgoas* and a ^rssoiptw regsfcleiy eteraent aperst^y Inked to ite first and" seoond gsnas, 

30 pnapmid pastes oontainsne tf iaas; a pasta of * 

b^nd - fesa - so c Prated, ^ -vko imiw esmpdses - - r > sy^e nss! 



fte metttod for sefeeting mart mm - * mm 

novel tsMng peptides onptang cowsudins a rateable expression 
repisSfy element sperasly to ONA encoding a pstfein ot interest 
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Be m tot secondary structure be exposed to me sprte of the j&#$m is to 

prorifea stesrsof TtfWf i* smir® acid 'm&ws ftScant* exposed to and bind a larget Kriecufe it i 
pta^y urn m\w sdd mmimmim?0^n mm*& **» *• *W * «waly 
s sd ;>g peiypeptsrias that are displayed on m surtssa of the phage ar* 
5 posypepiideMsafe^ted. Mutagenesis or nptaowwrtof «fte«*ircs.<}*t$ d»d toward ** :n& 
of «» peptide is p«y s*ow §o m mmmmmmmmm Wm«^***x* is P» 
Some fstfacememof amim asads on She M 
ty&gtefcfc amino add rescues, may be. Is 




**of N5H amine acids 167, 171, IB and f ?§> 
to Hie fergoim. *Mtew*&tei that the amino a& mMmmm 8» bWag domain or 
the potyppitda w$ mi be sequent »ed ami stay mm m mm suWs of 8* poi><pepSde, That is, 
(be «r§ (tomato to with the poscuter radmy sfeucfcre af the binding tie *b wt «* primary 
Sractes. Thus, gefwa% t ma»ns «a» be mfaxti We &Om speeding amino ®m aftfeto a patolar 
25 second msm at sitss cSteeted aaayfcaa 9* mtott* m so that the? witi teve the 

potential to infract tift the target By way of iitustrato, Ffeps £ shows tf» fcsto of »sfc»a** M 
a?e tow <*e * fongy w fete *s feting to tr 

4m ^ordered" secondary $ 
Beta is m mm m the polypeptide chosen as a fcgano to a 




surfactant: a plasminogen activator, such as urckinass or twsn tissue-type plasminogen activator ;t-PA}: 
bombesin; taster iX, ifcomissn; hsmopoiefe 90*81 factor; tumor xerosis factor-aiphs and -^ta; entepftsJsnase; 5 
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1.5 and ligase buffer as &mm to 



if the asston en^rnss are used fo ce; the psasmid and isolate te gene to ise 
inserted create blunt or oorapsttfe sticky ends, lbs DNAs cot be lifted la 

fcastng tr*e stem ® WC tor t-4 fes in the proence of ATP 
f Ssmfcoek ef at, ssgss. if the ersds are not compare, tney musi 
first be made bfesm by using the Kieacw fragment si tm pestymtm I or basfcj&jphage T4 DMA peiymerase, 
both of whfcft require the four deox^toacfe^fe stphosptate? to §m overhanging sh^-im^ ttids si" 
the Rested DMA. Aftemafivefc the ends may be toted i*g a ixiGte&e such ss t*mm Si Of wg-bean 

>, te soma eases, » ®a? m be posses is btunt m enefe of s» gene to 
be inserted,, as the reading torn «t 8» wgoo wl be altered. To. «i 




30 are UA3{ amber), UAA (ocher) and UGA|opi). 



ti. Bsrpsf a Hew, New Yorit, 1980, 
test ceil results trse synthesis of 
tf¥3 e^e vy ^v>vv^ growth in a ppr sso boa s 

> s<> a ntaSn a RNA 

mm®$ Is insert an amine &w in § 3 k rrs na8o coAmpo < srodacfenoi 

35 * arrv. o if =o c*r aM described, sueb as l oo 1 

suppfes * M al. ,&L^rJau§§ §< 3?S-3?§ |19S7Ij. Any aeeeDU - se used to 

Ths sopssssslhie code's may be inserted between the iirst gene eneodifig a ;> 
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IS 

; tyf&l?*^ mi ®mm 285:311 1-31 IS j1§§0] Oiher 




lis mm add sadness in the \tmt region fcr the dessVed protease w$ be elated, first p'oduano gn 
<a) pool of phspmid palides encoding preferred imksrs. These phsgemki prtieiss ere t&er? cycied several 



gmes 10 pto<fce§ an sntfchsti poof of partes «fK0df?>g consense seqoei-e&iss (see examples Xlil and XiVj. 




gtoss, xmwss. or feUins; dialing spats m m EDTA; dMft at** tors aueh as sirs, r^It ar sof^ 
sugar alcohols such as mantis* or sost&d: sa&fcsnfeg smmm sue* as ; saSfef nor&rtte jtir&tatg 
swehssT« P^fc^po^to^TO- Formulated ^^t^tojaayadcte^ 




FIG, M14, H18. H2i RIB?, D171. Tl?5 and 1179 may be reped 

Fift M14iMi% H2t t nm mii, Il?5 and ItTi, may be reptad 
smir» listed oebw. In s pnsfcnred « rs bad .r«t all efghl 

famine ackfs ;o be subsisfcisd are 
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35 TST-GGCTrC-aSa^-TTA-GCA'TTT^AAT-aCG-GTA^' was used io produce a unique ^pai 

result; « . 3- wo p80473 ate the final PftHSi eoden of hGH. The aiigonucteeikfe 5'Trc- 

4CA-AAC CAA GGG CCC CTA Al T AAA OCC ASA ? i So i or a 
sunder -vc* and ? 6 s ansfesr 1 so <a&n be d st s 
GAA-TAA-TAA"CGG-££LM£. CM AAG-AAG T 5 
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Specific mm 


of Hetfi 


mow Phage to 
far hGH^phage 


SiSHPp-eoal&si 
over M13K07 


Enrichment! 


Sample 


Absofoem* 


Total pfu 


Total i?Su 


Ratio i'cfi ? 






a j x 108 


a.s x or 4 


(1) 




SSA 


7.4X10^ 


2,8 5? 10 s 


3.8 x I S* 4 


1,1 




hQHPp 


7 J X10 11 


3.3 X 10 a 


4.3 X 10" 4 


1.2 


Wash 1 


SSA 


1.1 X10 1 $ 


8,0 x 10^ 




1.6 






1>0x10« 


17 x 10? 


a..9x to- 4 


a. s 


Wash 2 


BSA 


S.9x10 7 


2,8 x 10 4 


4.7 X 10** 


1,3 




NGHbp 
3SA 


4.9 x 10? 


2,7 x 10 s 


S.S x I D' 2 


1.3x103 


Eiumi mm 


1,1 x 10$ 


1,9x18® 


1.7 x 10*3 


4,0 




hGHbp 


1.2 x 10 6 


£.1 x tO 6 


1.8 


S.1 x 10 3 




ISA 


53 x 10 s 


1,2x10® 


2,0 x 10-3 


§.7 




hGHbc 


S.S x 10 s 


1.3 x 


2.4 


6.9 x 10 s 


Blum 3 (pH 2. 


1}8SA 


4.3 Xl# 


2,0 x 103 


4.3x10-3 


12.3 


hGHbp 


34X1S5 


4.0 x1S^ 


10.S 


3.0 x10 4 



"The 
by 



of M13K07 and hGH-phagsmld particles In each f? 

the number of plaque Is il \ m is fofu) c? casters dtlit 

< lv See Ewmpfc v 
details. 

tlho ratio of M13K07toh 




rates in the 

in a iypscs enrichment < w> . - nstee ; 

pfcags. Alter ens c?ole ot binding arte elu& 
y 13K0? phage was g to t , Thus, a single landing -a 
wis tee hGH or setd ^ v . to rmm remaining ptegsmtei; a^/' even greater > < ^l The 
enrichments sr§ v * to those cot&ned by Smith gnd v , >• us;nc: batch srysorr from coated 
poiyslyrBne plates (Smith, 6.-?. sup® arte Hm®*, Smite $ipm } homevwr much smaller volumes are uses on 
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a in 8* BSA linked to the 



beads iH«d«% toBSi T^s^anMinTO rtftftWite 
2} may tm& Mm im® mmmmm of&*m growfc ixraare ti*m P 
bead Ne«5fibefess ®m dasa m® «»*#S»wWs fcr the USH phage depend upen 8» pra 
g on m Sseasf e«s»s imgraeSserj pn&wen &SH m 8* H»p. 

We ff^uasaS** sr s s ^ ^ hSH ovs»- a wester binding vaifeni of the 



purtfee* hormones is «vx*mw* ias&rs after paring suson p>sag*>t 
with an hSB mafcr* * *teh *g8* was syb» ri* ^ <RS*A>. TN RS4A vato hsm«m is aPou* 20- 
m mm. mvmvmitomi <Kd values of 7.1 nM and * atpac** 
s, .«! Tte am of m smtmym 81 ptegema were e«abfe to fuse of 
nm phages Afera* (ourritf KKfckj (T*te * toe «M*pe feSH p^d **> 

from s tmm of the ^ ptepemkis ®ss UmQ7 by a-MI «tfe8« f» phapanfcf R84A. and -to* 




- 1 (hOH) 
Eaift>n2ft*4 £.1} 

ntepaf«aMlW Sage, hSH ptegemfg a* R64A phages^ pasffcteswers mixed at a rats* or 



£ .6. Bind 



sresersi aster ssch v.::u to tna! present . f * osi#iai m;xtore ^ i ^ ^ f ^ 



a teon & gene ;;i Tfe copy 
slate effects" yeimsSUairtedal High 
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322:7*7-748, |t§a?]; mt Davfcs. DA, sfal . ^Mm.m^l-^ (10881); » fe re 



A mum of to hQH^ene IB fusion pstafeMK cmmcted usfog the me&orf of KanM,^ 4. 
1K 8S7-882 W Testae DNA was prap*»rf fey tho tiasotf p$0l32 {centtfeg fee 
nature hGH mm &s@S to 8s c&rtoy-«nai half «f M 13 geoe ®, axfer 6W«i of s» p^sphalass 
pro*} in CJ236 cafe wsh M1S-K0? phage added as tegper. SirgcHftamfeti, tmS&riakkiQ DMA was 
» innate* (11 a mmm 'm hGH which weutt greatly mdaoo bitting to to &0H 
,nd (2) a ursk?u@ resfcfcte slfe |Kpfil) wNcr? couid be y$$d fer assaying for - and 
if badtgaorid phage. <^om»»fe^e«sa MOpm* was carried oMngrl? 
DMA polymerase and fte fcftMkv oiigodeo^scieofe 

Q1 S Thr 

SO hGH codon;- 178 179 

s*-s trie ere sgx »£C sxg cms s , ~3 4 

< Kpnl > 

immm Introduces to Kpnl ate as shorn afongwSh mutate (R17SG, 11791} in hGH. those mftjfeneare 
ptgdfcted to reduce binding of hGH fe hQHfep fey more fsanSO-fs^d, Clones from t» RHfegSReft we® screerod 

for random mu&genesis, was ctetigM PHC41S. 



1?S 176 119 

~ BBS. CTO MS GTC C&G TGC CSC TCT GTG G-3 * 

temm, m oiigo pool mm codfti-lft* ®M~m {&}, dssJfajfs the unique Kpni sits of pH04i$, and 
Mmtamfan&s Qptoff!l&»*«^4£& »T«*S S« G or C) at. position 172,174,176, and 178. Using 
40 Ws sodon sotecto in she «am& m mm mpm .no aSSfioaal Konl siles can bo mm. 1M choioo of M 
NNSdegef* & * > >- ' dingers w«as ^atieasionecede jreacfc 

an&» add) at a *», for a m. of {32} 4 * 1 ,048,576 ^ssi&ie nuekmtkfe sao«*s (12% of whfeh confsin at 
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3 14 mm m many CPU's, m ® 



5 PROPAGATION Anafequot (4.3 x 1#CFO)sftos>n Gs - < easfe wis uj»d 

eats, sneubatfcg m rata, at 37*0, then adding HO? {ffiuHSpSsty ot infection 100?);- Ounces (25 ml. 2YT pirn 



Phage from «x»y 1G tftg. 3) we selected for bind ng to hSH&p teds as ftaftetf atoa Raefei 
1 0 G eyed from hSHbe beads t»mas*d 36 fenss as many CPU a as toon Sell ; ' >aads in tfc 
sefetto. Aprs, an aflquoi of ftasfe 8 «®§ propagated is WJM101 segg te ytefd Btxary iq2 (kxfeaftg thai 
Mi itey had bee* *fce selected by gf*afoe elation). Ooabfe-ss^sed OKA (pus tG 2 ) -aim pmpm 
- s sulfite. 



1 8 To reduce fhs tev«S of backgaund {Kpni*} template, an sSquot (about 0,5 p§) of pUS 18* ^ 

digested *$> Kpni and efectnjjsosted info mmm asm. mm ceSs wo gram in fos presence of K87 
(mumpSc% of infection too) as desedfcsd for fne Wai Sbtsay. and a new phage pool. pUB 3, was prepan 
m 3). 

& atf&m, an asm m* |i# of Mm m m mm mm ym M$mmm m 

mzm, and gwwn mtm a new 8**y of phage, desipated phsp library 2 fffe 3}, 




Ttes, * ihss« sficode y same mutant -. hGH; (El 74'i, < m-Mim 172 in these clones i% Lys « i a , 

p< rnacode Haded i - wild-type hS& T«s is not aaprlsfrsg sines MS is tha enf j 

lysirB-oodon psaibie to a daganerate ^fcpdesaai, feskte 178-Arg is aiss fog same as tfkMypf, hut 
m, m fiod»i se&cted from tne Hxary was MG instead of CGC as is! - , > sH even s soi gr th i 
4 o saife- so* » 3, ta 'Hf^S* c&don set. 
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§ Codbns 17Z, 174. 1 76 and t ?8 o? hGH v^tt^iw random genesis because itey ail Be on or 

tOSMOtt H« trssy a§ & wKfti a wrikfefttrt *im occupy^ 2 W* or 8» «**» of helix 4; 
andfiwyaraei 



$ Shosg to SobstiMe NNS {JM/S/CfT; S*G/C} at w$\ 8? *» target 



10 




s, wife l«slS si axtas 172, tW» 176, and m, mm 

: S'-ST-TAC TCT-ACT-SCT-TTC-AGG. 

> and §^SA-TCT- 



gOA~CTG-€AC-GAT-SN^-CAG-SNM-TOT-^H-<aAC~SNH"STC-CAT-GTC-CTT-COT*OAA-SCA-GTA- 
8A-8'< 

Tr» vector «as pmparsd fry digesting ftfttSQd wEft Mi fo^ ^ » The products *m run m 
20 a i% agaose gel and mo ttge feBgnortt rad, ^-wft^and efiwoJ pressed. Ws fragrant was 

m U wuispfsic easssne. 

as ^s^^oi|»^ted8fld«sw^^w»- CA 8SO recoQ*>n site (GGTNACC* is created 
w^ncas^M^^^ ******* 

„ v ~!>s siep &x*M se&c? against any ol ine pcssit* t - because 

mm of DNA was eSeciroporafed Mo XUS\m cefe {13 x «» cefc in 0^5 mis in a 0.2 m mm at a 
30 yoBgft iettg of US W m a *§ie prise (m consul * 4.? msee.}. 

Ttefiefewere toad to recover l to si S7«C In S.O.C media sm^ t foen mixed with 25 mL 
2YT mo*, too «0rL oari*n», and M13-K07 {mo* 100}- Aft* 10' si g#>C, M mi incited 
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ss Siu in XLl'&i" cafe sre shown as sr. 



KTES 



Pfegl! 
LFPS 



i E 

s s 

25 £? 



ftMft gxeeg that wifcHflfe im$ »«« &m »* & " 1 ' A ^ ^ Csmssfc 
25 fc^e*^^ 




m 20,0.01% **»*esa$ fer««m^ hGH&p ami Wsnk feeads ftflr B (60 mM 
ins pH 75, 10 mM ttyCfe, 05% BSA, 0,05% Taeen 20, ISO mM2RC^.fer ssteete 
s ,< N v. or s « f c 8«8«r C (PBS, 05% 8$A, 0.05% Itattrt £0,. 0.01% ««m«. 10 £DTA) fcf 
Mta&HK wing hPRlbp m 8» stent* of sSnc** EDTA). : forts *e® casrfed out scooting to «ach 

<* 8,8 blowing psihs: 0} landing to « testis. {2) mm *> feSH&jHfcafe, (3) landing to hPRLsp-beads 
40 tc hp * > x«ds if £01 A), (5) ow^tobifi? twice with hGHtp &eads men binding m 

non-adss&ael tactic to hPRLbjtf*afc 

{•-hGHbp. +hPRi&?< v an), WW pw-afcort -c bvice a ' » > " b*.di^ the non-sd^cd 
fraction so hSKbp-tea* r-PPRt&p. hGHbp' Action}. The latter tm procedures are expected to snrfcft 
for Riutanfc tsrsliog hPRlbp but not hGHbp, or for mttarfttifkifce MSH&P but mi hPSLbs, rsspsctiveiy, 
45 Sfctfngafsd • ' 5 ' s cycfe- as foHews: 

1.S!ND!N«' ^s^:^r^^ vxs&v ^ .io*> Cf-usw8sm«8dwahai«^ anoint o: 
notvhormone m • ' into the appropfete a&r {A, 8, w CK atvd mixed wi* a 10 ml suspension 



wo n/mma 



pcrwsmmm 




lfmm vcmmi /mm 

m 



lor a number of f?GH muiants, s«fed m mm;m pasnways (Bg. 6) am ^ in « s> 
¥!!. Many of ihese mutoft torn a iigft&f binding affiriy forHGHfep than wftMype nGH. The msM improved 



Tf* seized poo « which each njjs it wss touTs © waareti as 15 * 

3H (third hSH atfsciion;, y (ittrd k (**, * ^ > * ^ & fcGH&p). 



KSYR (6) 

20 



RAYR 0.13 + 0.04 5-3? 3' 

KTYK {2} CMS * 0-04 0.4? H,SS 

RSYR (3) m * 0-07 0.S8 

KAYR (3) 0.22 * 0.03 0.66 



RTV'H 0.68 + 0.t7 2.0 SH 

QRYR 0.83*0.14 8JS 3 s 

KKYK 1.1 f0.4 3.2 3* 

RSFS 12} 1.1 *0.S 3.3 3CC 

KSNB 3.1 -.0.4 9-2 3* 



v by 2.0-fcid (RSFR vs. RSYRj. 
Yfiioani (KAYR) is 244*1 weak 
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PCT/USSi/09133 



m mb m ^u^jfes s«.QCC TTT SAO ®» GAS TTT and §'-CCA ACT ATA CCA 
TOT ATT Cm TM CJ, respect y Ihf k>" ^ *^ s +1 twrsnft 

- s fen torn tne gig veelsr and - 
feflvp. This tiraftg v^^d^gnaM pH0» tl* baft i ttftp* ^fch mmm HQH rmm 10, 14, 
S 1 * Si , was sonswsd Wing to 8» *s? »^ fcapsm of p«S a n»« ton N 
commentary oitotedes S-pTCS AOS CTC NNS SAC MO QC6 NSS CIS OGT OCT NNS CGT CTT 
NhiS SAG OTG SCO TTT GAC ACS TAO-3< S'-pST STC AAA fifiC CAS CIS $m AAG -ACS SMH AGO 
ACS CAG SNN CSC GTT GTC 3NN GAG CCtf. The Kpnt site wss MR^Of Is ***wfcn csi tt» ggsSon 

10 The tery «ntt»d at feast 10? Wepe*W»iS «> if f» m*»y were 




vtonmm 
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S«isetion of ftGH mux 1 i 



«f»of t residues F10, M14. HU 

particles were selects by ®x*Mm to hGHbp-bsads and aiuting with kGM (0 4 ^ 
followed by glycine (0.2 pH 2s buffer (see Example VH!}. 



FlO M14 HSS H21 

Cycles 

H G N N 

A W p N<2) 

Y T V N 

I N I & 

L H S H 

F S F G 

I Opto 

H G N N<® 

F S F L 



Consensus: 
G N 
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<> v*. Ki - - basis > \ \ 32 ~\ > degeneracy. Tne rnaximsf or !«c.:c>r varies ftom 1 1 ® 32 
Zj t 4 -st «^ < «e »- fe^ ' >>" 8. G. v v ^ : and J. A. Wsifa 2^ iV< * 8. C 0* r?"3<r 



7 mm. 



— •***"" 

wild tm 

K&m mm 


rescue 
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1? 
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0.031 
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0.14 
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0,082 


» 
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0.031 
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8.031 


§ 
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0,14 


8.0S3 




H18 U 
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0.50 


0.031 


17 
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0.14 


0,031 






F 


0.14 


0.031 
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m 0.33 


H 


0.79 


0.031 






H 


0.07 


0.031 


2 
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N N 




0.14 ± 0.04 


0,42 


A W 


D N 


0,14 


0.101 0.03 




F M 


H H 


i> 


m±m 


CD 


r $ 


F t 




m±m 


2.0 


Y T 


V H 


0,07 


m±m 


2.2 


t t 


I $ N 






g.4 




i * 


0,07 


urn 


&4 




Bntftig g partfeutar rew 5 j * or, D I Meaner, J, k Weils, Sate 5 

Cunningham and J, A. Walls, ftoa M£ Asa* SA USA®, MOTflttU; H, a to™, 8. C. Cunningnam, J. A. 

Thg fceSx 4b tey was esnsfrusred in an wmpL to lurfw improve *e helix 4 ttoubfe mutant 
(£1?4S/F1?6Y| select to » Miisc M mm <«* * &und to N f?GH reciter {s»e 
BtampfeVlR) Wish in. J ?^ THmuiant as fe&ackg^s&n^hwr-s t -x. * c 
i a ^ r 0 km posISjo s 174 am r?6 on me s hei» 4 {Ri£? N * ?1 i ?! art 1179) 



is tsuisgene-sis «*. ea^ed ou? <s®m&? as dsscnl^d I A W«8s, m Vassef . 0, . 
aw 34, 315 (1S8S}|. The neiix 4s fay, wNch miSstod rssltes 18?, 171, 17S and 179 »«i Ins 
i i - I ^ u k " I » - s s , rmm 

km (ses &sa,Tipks Vlfi) and witch uBiaed a msifsted vsrsson of phGHam-Q3 in;o which arsqug 



PCF/t;S91/09O3 



S'^G m CTC TAC TGC TTC NNS AAG SAG ATG 
HUB MS GTC ASC NNS TAC CTG GGG NNS GIG GAG TGC A-3" and 5-pGA TCT SGA CTG CAC SNN 
ec @ CAS STA SNN GOT GAG CTT SNN CAT 0TS CTT SNN QM 8CA GTA SA-81 The &£B Site was 





hSH. Tt38 £t74TffW/R178K 
* me UPRUjp Mo hGR m ftfejttqtte 



!S (Kt?E» TO FITS, and 8178). fttot 
d 10 Ala cm! tf® ferpst fepte to In 

tmrnm pis t hsb, mi ^ei?4 that ?« tang io m mm m mt m mm. m m * 

mywrnemm for tovM-m &8H s****»*y h*M***afe. h feetfce r«te (£174 ar 



H2t). where Aia suosMons enhance Un 

Mi, F. % J. A. Walls, Sefera* 243.. 1330 (f«ft 8. C. Cmtogm and J. A. K 
POT. fe>* *88 &> e*T vmi - 

3S well wBh 8» MM* to s^s« each s**aKt in fact , fts mtolon a b^ing sf*% caused by a 

WbsftifiMK 18, 0. P. * > F\ No, ' Weiss, S&aoi iw> I198SK " - Curiam and 

C Cu 1 ^tan are J A We* f Va« $c ® 343? (1831 s a mass «bfe p?ed c 3 if a 
te Wiftfe pl^smic; pool after 3-« ssunds of ssiesfe The alanine- 
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BIS? D171 




4 Cycles 
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WO 




Ommti irn^-y h fcss&sn of 'S Kkms miimmi wsfi Lhs mm The nominaf fogcpincy 
Is tssSm 4m tf» ss&s o* m$ 3? co*r ssjewacy. TJss -mmm ®m - rie$ km 11 & 16 to 32 
5 Qsp&m® apen 8» fceqaene? vato lor s 0m |K & u << iGH)} lor single 

gl»itemi^tewemfatenfr»mr«fs.bgio^ * ant [S.C. 

Cun&tfttM. P. tool, P. % J, 4 VlfeSs, »os m 1330 (1983); 8- C. &n*#vm and J. A. W8fe, &fe*» 244, 
I08i S3. C. Ctnftgisn, 0 J. HemeUA mm. Seiws&m, 1461 (flaofc 8. €. Gmm$m mi I A. Wells, 
*rjo. « M USA 88, 340? 0»*H. 
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Ptes^sd pDH 188 contains sr® DNA eneodinf) m aofBors of a humane IgG am&ody, cailed 4D5, 
5 rat roeog&es «« BER-2 raptor. Tnls pfesfnsd is confessed m f cousin SB 101 , and has besrs deposit 

Briefly, 8)e pfesmfc was peered as Mows: the stating plasmsd wbs pSOHB. «rt&nhg a>« 




15 



and essd^pofsfe w> used to transform piasroids into 5R101 ceils. 
«8!*fet8$d accord^ & 8» mW or Chung am* Itew (ttcfefc 

20 tmskmvi vsa tmnfltiRi acwaBng to a* awftod ef Marov^ anrf WMbBtoj Art*** 1«2 
|«)}, AJisrpfecfog 8* safe to 1 ml effcs SOC aa*g inroad in Sn(is«iA *p*K 
for 1 hoar at 37*0 «8n shaking. M tnis time, Ins cones? \\x&\km & She sails wgsa* 
atOQgoo- A ted KO? phage sk>ck«gs askfed Is adM w mm® of infect pOl) of ISO, and 8* 
:pta».**8 allowed to adhere » 8* eefe for 20 mtoutesat »«» fcrapwalw*. This fl&tt»e was than dBuM kite 

£5 25 o! 2VT M (fescrita! Ir SamW^a?:, «4M8)** ineabafed w8fc M« at S?*C owigtt Ths 
rsss 38$ cells wers pellet by cenSSugaSicn si 5000 x g fcr 10 rofcufes, 8» spfiW' 



varoOJMNaSi 



nftutes. Phage parfctes ws» peiteisd by eentAigation at 10,800 t § for 10 m 
C10 ®M Ids. pH ?& 1 EDTA, afid 150 mM NaCi). am stared as 4*0. 



AllqaslS ol OS mi from a solution of 0.1 mg/mf of Ste sxira-ceiyar domain of the BER-2 &rUi§en |ECD| 
orasakiBanerO^ ol BSA (comroi auffg*#tt txt U mm tot»r^, oh ftfi wem used to ooaioae^l 

35 t locking War (30 ^ * . " n ixatnnatt}. and r^ateg al '•- ror or* he j 

I btecioria Softer wgs rsmevgd, 1 ml of W6er ^PBS. 0.5% 8S4 and 0 PS* Tws< r,20) vyas added, 
andtvspfew^ sssfc-d up io ID days at4°C balom b- sgesdwfion 
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won/mm 




WO 9 - 



sateeteifcfO 

2, or4 reanss} was Isaiah ami <figes > s * en xs " 

eaefc fxmA mm was fan i^fe! and fgffekS feip§$ ftps essis ftrtHb variant posi to 

yield thrss combteloriai Ubr^es pHOToTA {ynsaterj heSt 1 mi hsfe 4s pools, as assert & sxamptes iX 
and X), pH07078 rn-^M he&-1 P«f «Hh SttHNifeegti M** posf), and pNS70?C- 

4 mmm% m^W®® »*« **» ** «p ^ om ** 

g fes tse <KSH and starting Si »! 




in action to staling ptsjpffift Mes for gfttftB ng n easured b 

fining ii is a? in« to sort for- variants wJsch «* aitsrss in either the osv« %kr) or the eff-nte 
(K^D of Ending kj a (raptor or other ssefeeUe. Boss i&^psmb, torn rate* m mim is She 

^ ^issocsalion constant, K<j orsvisien W asftsts variants of a psrtsc^ar prstsin torn 

c <fbg white tm* wry dM* k** *» *tft Ooiwmft, #wm * «4 **» or» * » 
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10 

0.57 H07BF4.S M A P N It S T T 

0,14 H07BF4.S A WO N S S V t* 

IS O.H H87BF4J H Q T S R D T f 



< V176F Iwiid-type &QH also oo» FITS). 



rcr/mnmm 




20mM THs-HCI pH 8.S and 2.SM Nad The binding and washing steps warn palmed as 
described In example VIK The beads ware then resuspendad in 40tyl of tha same buffer, with 
or without 50nW of A84SAL subtisia Following incubation for 10 minutes,, tha supernatant* 
were collected and the phage litres {cfa} measured. labia XVII shows thai approximate^ 10 
times mora substrata-containing phagemid particles (pSQ640) warn aimed In tha presence of 
enzyme than in the absence of anesyme, or than In the case of tbe non^ubstrala pftagaffiids 
f,pSQ132> in tha presence or absence of anasyme, Iwmstog the snzyrm, phagemid or dead 



mi of hGH was introduced in place of the « 

mutations PheiOAJa, Met14Trp, HteieAsp* Hss21As?>, ArgiS?Asn, Aspt7iSw, Gfal74Ser, 
Phal ?6Tyr and Ile1 TSThr, This resulted in the oonstmcfion of two n 



3S binding hGH and the s 



s-Tyr-Thr-Agr-Ginj, The b 



Bindir* CDS TAR 
O.SmiAveii 2s0tfi h^Hbp in $®Mum 
with imi/weiioi blocking buffer 
serum albumen) lor 2 hours and 
imM edta and wotmmci 
phage pool was diluted 1 :4 in tha 




ure plates were coated tor 10 hours with 
pH 10.0. Tha plates were then incubatec 
saline (PES) containing fj,i%w/v bovine 
buffer containing 10mM Tris-HCi pH 7,5, 



r and O.Smi of phage incubated per wall for 



wo nmmm 



pcr/vsnmm 



cab&m tor 30 mms* wmiM&mmam tort* * was repeated 

Euhon; The plates were intubated for 10 minutes in an station buhar 
g of 20mM Ths-HCi pH 8.8 + iflQmM NaGI, then the phage were etuN whh 0 Jm! ot 
the above buffer with or without SOOnM of AMSAt. suhttiisin, 

Tatsts-XVh snows mat there was a dramat t " ! 




40 We sought to employ the setetsve emfefcrram procedure described In Example X«t to 

Identic 5 




e 5 AQC TGT-GSC TIC S 50 GGT-GGO- 

um Gene lit IMS new construe! was designated p0MO2S3 (The actual sequence of pDM0253 
SO is S'-AGOTGT^C-TTC-GGG CCC-GCC-SCC^G-TC^CT-GC^-^-^-TCT-S; where 
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PDMQ390 in mwpte M, After each round ol selection, m phage warn 
transducing a fresn culture of XL-1 blue ctiis and propagating a new phagemid library as 
described for nGH-phage In example VOL The progress of the setecSon procedure was 
s*n by ii) v3 \> paaga fctres and by < < >e r i. -l s a clones alter « 



le A shows ti 



n in the presence and a 



m 

tm mfk> of n ' *«i phage: ns*Hi 

wim wa^me^hase stuted without e - sasesd 
suggesting that the population of good eub&ates fe tocmastag with omh mm* section. 

Ssquencing of 10 isolates t?»m the starting fibrary stowed them si to consist of the 
WP*type pOM0464 sequel. This isMRblg^ tethe tact that after digestion with Apai, tne 
Sail site is very close to the etxi of the DMA fragment, thus leading to tew efficiency * 



S8 



m mm phase mm m^mm 



Colony femurs urtts <c«u) mm estimated by plating out 10jU of 10**! cfete of phage on 
1SM.1 spots of Xt-1 blue cess, on IS m< P^es containing 5%#ml csrbenfciin 



3x10 12 e 

PDM0411: 

mo?* 



7x1011 < 



8X10 3 do/10pJ 



3xl0 4 du/lC^i 
3x1 0 & cfy/iO^I 



1x10* c 
<10»fi* 

SxtO* olu-'IO^I 
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aancf in bold. 
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A A S 3E * R 0 
SCT GCT CAC SAC ACC CGS CAA 

A A 1 8 S » ^ 



A A * 8 T & 2: 
GCT GCT < yre e&c ACC CGG CAA 



A A £ g T K S 
QCt SCf ffl ft fi „ iCA<? ACC CSS CAA 



A A I X K 0 
SC£ OCT CGS CAA 



A A 2 8 T « 0 

sex OCT ,m sac acc ccc caa 
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A & ft X T R 0 

15 ... GCT OCT SML»m ACQ OS* CAS 

% a x, a * st 

... GCT OCT ffl„,fllK! ACC C<33 CR& 



& & a s 'T a q 

GOT GCt CAS ,a£ ACC CSS CAA ... 



2 * 

a 



a a X S .a R a 

GCT CCx ACS, CA C ACC COG CM . . . 



A A S fi ft Q 




wnpDM0411 
CAT - T shoui 



r in the 3rd posHion of a 
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Garrard, Lisa : 




J - i f ATAi 

i&> NUMBER* 07 /« 1667 

(8) ARRiaXATION OATS s 03-0©c-199Q 

fviii) ;vrv:/ : :;:v;' •' A- '.3 'ST INFORMATION ■, 

(B) REE 1 S TEAT X ON NRHBKR: 30, «S 
v - ; ~CKFT IVJKVEKx 

x XEU:COMHUN ICATIOS .A < 

;<V> L \ 41.S/2.6b~1489 

{8 5 TELEFAX i <1 J 

iC) TELEX: 91G/37X-73S8 

{2 ) INFORMATION FOR SSQ IB KOtXx 

(15 SEQUENCE CI-LAR&CXSRISTiCS; 
(A; LENGTH r 38 bases 
(B) TIRE; nucleic acid. 



wo <mmm rcrwm \ m 133 



FOB S:KQ ID T-J0c2; 



36 ! 




(2} XN'i , ;o iSO:3 

2S 

■; <) SEQUENCE CHAKACTSRISTICS j 
{&') LENGTH; 33 b«S8S 

(S) nucleic acid 

so <sj ^ 




FOR SS>2 ID MO; 5; 
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FOR SZQ I& SOtiP? 




IFfXOKs SSQ ID .SO: 10; 
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FOE &EQ ID JSOUXi 




.FOB SEQ ID SO* 12 « 




! FOE SSQ ID HO; 13? 



{B> TYPE i savin© acid 



DESCRIPTION t SEQ J» SO* 13* 
Siy Ser Cy» Sly Ph© Glu S©r Sly ©iy Sly Ser cly 

<2) I&FORMMTXON FOR SSO, ID H0?44? 



.0 



SEC; ID NO; 14: 




PCT/US9t/09B3 



m xmam&sio® for shq id nosISs 
(A) : 
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6? 




{2} mron 12 sss id kosSIj 

{ A ) c i ; > bases 
;g) TYPE^ nucleic «cid 



i SB§ IS HOi22 




C 2 } IS^ORKATXOfS FOR SSg IS> KQ;23; 
{1} SEQOSS 



18} TYPES nusisic; acid 



{2} INFORMATION FOR SSQ ID NO; 54 s 

(2) SSQDtNCE CHARACTERISTICS: 
(A) ARNOTRr 64 bases 
(S; TYPE : nucleic scici 
iC) STRANDSDNSSSx sinqie 
CS) TOPOLOGY x iineas 
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i SBQ ID SOtSS: 
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ser xi® Ma 


Tte Asx* Ma Tyr 


Ala ftsp. Ha Sin Met 
25 


Thr Gin s®r 
30 


Pre S« r s«r 


Ster Ala Ser 
35 


Val Sly Asp &rg VaX Thr lis thr 


Cys Arg Ala 


S«r Sin Ast? V&l 
SO 


Ask Thr Ala val Sis 


Trp Tyr Sla 
60 


Sin Lyes Fro 


Sly Ly& Ala Fro 


l»y» X>«u i*« lis Tvr 
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Sssr Ala Sax 
7S 
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Sly Thr Lys VaX 
X25 


Slu Xla X«y« Arg Thr 


Vat Ala Ala 




140 




ISO 




153 


ISO 


Tvr Pro Ars? 
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«n «, jjg 




0X« Ser V&X Thr 


Slu SXn &s» Ser Lys 
ISO 


Asp Ser Thr 






aos 


210 



&vs His Lvsj Val Tvr a la Cys Slu Val Thr His Gin Gly Leu S«r 
* ' * 2 IS 320 225 
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